Dynamic Contrast Enhanced (DCE) MRI of the Breast
Highly Suspicious (washout) Suspicious (plateau) Kuhl, et.al. Radiology 1999; 211:101-110 Importance of Both Lesion Enhancement and the Enhancement Pattern Challenges in DCE Breast Imaging 1) Enhancing lesions result from Gd contrast agent "leaking" from poorly formed blood vessels within and around the malignant tumor. 2) The contrast agent shortens the T1 of the lesion relative to the surrounding normal tissues and thus may be detected as bright regions on T1-weighted images, provided there is adequate signal-to-noise (SNR).
3) The breast has significant adipose (fatty) tissues, also with short T1, thus a significant background: fat-suppression or subtraction is essential. 4) High 3D spatial resolution for small-lesion detection and shape assessment. 5) Enhancement patterns are critical to differentiation of benign and malignant masses, high temporal resolution is also essential. 6) Full simultaneous coverage of both breasts: comparison and disease extent 7) Image artifacts must be minimized: motion (cardiac and breathing), out-ofvolume wrap and non-uniform fat-suppression.
Unfortunately: SNR, spatial resolution, volume coverage and imaging time all compete with one other and artifact free images may be difficult to obtain.
An MR pulse sequence that can meet all of these technical requirements is a significant challenge. DCE T1-weighted images without fat suppression must utilize image subtraction to minimize background. 
RF Gradient Echo
Frequency-Selective Fat Suppression Pre-pulse 1) A 90 0 pulse centered at the fat frequency re-orients the fat protons into the transverse plane, in phase. The spoiling gradients are then used to destroy (crush or scramble) the coherence of the transverse magnetization to ensure that fat does not contribute to the signal or 2) a SPAIR pre-pulse that is a 180 0 inverting pulse followed by a spoiler gradient.
"Fat-Sat" pre-pulse 
What spatial resolution and SNR is required?
Basically, the answer is the best you can get and still maintain the necessary SNR and temporal sampling.
ACR established guidelines: 1) < 1.0mm X 1.0mm in-plane pixel size ) p p 2) < 3 mm slice thickness (with no slice-gap) 3)
"not too grainy" Image contrast is determined by when the center of kspace is acquired, one k y step each TR interval.
Thus, the center of k-space (k y =0, k x =0) should be timed to coincide with the arrival of the Gd contrast agent. The center of k-space occurs when the zero-strength phase-encoding gradients are applied. For 3D phase encoding is applied in two directions: slice and in-plane phase.
Total Acquisition Time 
Pretherapy
Postchemo
Conclusions
Current imaging protocols for breast cancer assessment rely upon dynamic contrast enhanced (DCE) MRI to provide clearly detectable lesion enhancement as well as an accurate characterization of the lesion enhancement pattern.
T t th li i l i t th t h i l l t f b t MRI To meet these clinical requirements, the technical elements for breast MRI are: 1)A dedicated breast-coil array to provide high SNR images and simultaneous coverage of both breasts. 2)Fat-suppressed, T1-weighted 3D multi-phase gradient echo sequences with high in-plane spatial resolution (< 1mm X 1mm), thin slices (< 3mm) and good temporal resolution (~ 90sec) made possible by using parallel imaging.
3)Post-processing capability should provide post-contrast injection subtraction images, multi-phase time-intensity curves and maximum intensity projection (MIP) for 3D viewing and vascular maps.
